Microplastics are ubiquitous pollutants in aquatic habitats and commonly found in the gut 24 contents of fish yet relatively little is known about the retention of these particles by fish. In this 25 study, goldfish were fed a commercial fish food pellet amended with 50 particles of one of two 26 microplastics types, microbeads and microfibers. Microbeads were obtained from a commercial 27 facial cleanser while microfibers were obtained from washed synthetic textile. Following 28 consumption of the amended pellet, fish were allowed to feed to satiation on non-amended food 29 followed by fasting for periods ranging from 1.5 h to 6 days. Fish sacrificed at different time 30 points were dissected to remove gut contents and the digesta contents retention and microplastic 31 retention was determined. Although a small number of microplastic particles were retained in 32 fish GI-tracts after 6 days (0-3 particles/50), the retention of microplastics was generally similar 33 to the retention of bulk digesta contents. According to a breakpoint regression model fitted to 34 digesta contents and microplastic particles, the 50% and 90% evacuation times were 10 h and 35 33.4 h, respectively. The results of this study indicate that neither microbeads nor microfibers are 36 likely to accumulate within the gut contents of fish over successive meals.
Introduction 40
Microplastics are a diverse array of synthetic polymer particles that vary in chemical 41 composition, size (from low micrometre scale to an upper size range variously defined between 1 exhibits net accumulation in the GI-tract of fish, and ii) to determine if microfibers are retained 90 to a greater or lesser degree than PCP derived microbeads. Goldfish were selected as a model fish species because they have been routinely used in 107 many bioaccumulation/toxicokinetic studies owing to the ease of husbandry, tolerance to 108 handling and willingness to accept artificial diets. In their wild state, goldfish are benthic feeders 109 and thus might be expected to accumulate microplastics similar to those reported for other 110 benthic feeders. Fish were exposed to microplastics via food. Commercial fish pellets (0.18-111 0.21g, ~3 mm size) were placed in warm water to soften them. Treatment pellets were amended with 50 microbeads or 50 microfibers per pellet by manual insertion of macroplastic particles 113 into each pellet under microscope. Pellets were air dried after manipulation. Control pellets were 114 wetted and dried in an identical manner but not amended with microplastics. The food was 115 prepared in this manner to ensure that every experimental fish consumed exactly 50 microplastic 116 particles to increase precision of gut retention characterization.
117
Fifty three sexually mature goldfish were fasted for 48 h prior to exposing them to 118 prepared food in order to ensure complete evacuation of gut contents from previous meals and to 119 increase the likelihood that they would accept the microplastic amended pellet provided to them.
120
After fasting, fish were removed from their communal tank and placed in individual fish bowls.
121
Twenty four fish were allocated to the microbead and microfiber treatments, respectively. Five 122 fish were allocated as controls and fed non-amended pellets. Each fish was presented with a 123 single treatment pellet and observed until it was verified that the fish consumed the pellet. After 124 the fish consumed the treatment pellet, non-amended fish pellets were added to the bowl and the 125 fish was allowed to consume to satiation for up to 60 minutes. Any remaining fish food in the 126 bowl was subsequently removed. Fish were fasted for the remainder of the experimental period.
127
Control fish were sacrificed after 1.5 h from feeding the control pellets. Triplicate animals from 128 each treatment were sacrificed after 1. 5, 4, 8, 16, 32, 48, 96, and 144 h. The mean ± SE of water 129 temperatures was 14.2 ± 0.21 o C and exhibited no changes over the fasting duration. The mean ± 130 SE body weights of fish from the microbead and microfiber treatments were 24.80 ± 2.77 g and 131 27.07 ± 3.40 g and were not significantly different from one another (p>0.4; ANOVA). On Digesta contents weights were standardized to the mean body weight according to:
where XDG(ss) is the size standardized digesta weight (g), XDG(s) is the digesta weight measured in the group comparison test. Where the interaction term was found to be significant, GLMs were 168 performed on subsets of the data to test for differences between selected group comparisons.
169 GLM(1) tested for differences in digesta retention time between treatment 1 and treatment 2.
170 GLM(2) tested for differences in digesta retention time and microfiber retention from 171 measurements taken in treatment 1. GLM(3) tested for differences in digesta retention time and 172 microbead retention from measurements taken in treatment 2. Finally, GLM (4) Based on Eq. 3, the time to evacuate 50% and 90% of digesta was 10.0 and 33.4 h, respectively.
206
Overall, the exponential model fit described the temporal trends of digesta contents well during 207 the first 24 h but tended to underestimate observed digesta contents at longer time points ( Figure   208 2). This may be related to the method of separating gut contents from the intestinal tissues which contents. In addition, 10 control fish pellets were examined for presence of microplastics.
221
Similar to control fish, microplastics were not observed in non-ammended food pellets. data explained even more variation in microplastic retention than digesta contents itself. This was mainly related to the better fit of model predictions to microplastic retention at the later time 250 points (Figure 2) . The reason for the differences in model fit across measurements is attributed 251 to the fact that microplastic exposure was controlled with a high degree of precision compared to 252 gut contents. Although each fish was given exactly 50 microplastic particles, they were provided 253 with food ad libitum after verifying their consumption of the microplastic amended pellet. Thus, 254 digesta contents would have varied to a greater extent between fish compared to microplastic 255 exposures. Overall the goodness of fit tests indicates that the gut digesta retention model 256 adequately described the retention of both microplastic types.
257
Similar observations were generated for the marine isopod Idotea emerginata fed a diet 258 spiked with microplastic particles and fibers (Hämer et al,. 2014 ). In the study by Hämer et al.,
259
(2014), microplastic particles appeared in the stomach and gut contents of isopods but were also European sea bass (Dicentrarchus labrax) larvae when exposed to microplastics added to food.
262
The above authors observed a correlation between microbeads in the gut of larvae with 263 concentration of microbeads added to the diet. However, the authors noted that microbeads were 264 fully cleared from the gut of larvae after 2 days post exposure and could be identified in feces 265 suggesting passive retention in the gut contents of fish.
266
Microplastics were also examined in carcass samples of treatment fish but were not 267 observed apart from the gut tissue and gut contents analyzed separately and discussed above. 
